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(54) Adaptive antenna 

(57) An adaptive antenna is disclosed, that compris- 
es a plurality of antenna elements 1^, I2 and ^^ with 

different directivity, delay profile measuring units 2i, 
and 2^ for estimating states of received signals 
of the antenna elements for each of delay times that 
have been designated, antenna selecting units 3^, 32 ... 
and 3l for selecting a part of the antenna elements for 
each of the delay times corresponding to the estimated 
result, adaptive signal processing portions 4^, 
and 4[_ for determining the received signals of the part 
of said antenna elements that have been selected and 
multiplying the received signals to which relevant 
weights have been determined for each of the delay time 
and summing the weighted signals, delaying circuits 62 
and 53 for compensating the time lag, or delay of each 
of the received signals for each of the delay times, and 
a combining unit 6 for combining the weighted signals 
that have been compensated for the delay times. 
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Description 

The present invention relates loan adaptive anten- 
na for a base station and a terminal unit used in for ex- 
ample a radio communication system. s 
I An adaptive antenna suppresses undesired signal 
such as delayed signals and interference signals that a 
base station or a terminal unit has received so as to in- 
crease the data transmission rate and the number of us- 
ers. In the adaptive antenna, energy.of delayed signals 10 
thraugh multipath isco mbined as desired signals and 
thereby theTignal-to-noise ratio of the desired signal is 
improved. 

As shown in Fig. 9, signals received by a plurality 
of omni-directional antenna elements 101 , 102, and 103 is 
are sent to A/D converters 104. 105, and 106. The A/D 
converters 104, 105, and 106 convert th e received sig- 
nals into di gital signals and distribute the digital sig nals 
to a^iurality of adaptive signal processing portions 107, 
IDS, and luy. in me aoapiive signal processing portions 20 
107. 108, and 109, the output signals of the A/D con- 
verters 1 04, 1 05. and 1 06 are sent to respective weight- 
ing units 110. The output signals of the weighting units 
1 1 0 are sent to respective adding units 111. The adding 
units 111 combine the output signals of the weighting 25 
units 110. 

A weighting amount of each weighting unit 110 is 
designated by a weight control circuit 113. The weight 
control circuit 113 designate weighting amounts of the 
weighting units 110 so as to emphasize a signal com- 30 
ponent that has a strong correlation with a reference sig- 
nal and suppress the other signal components as inter- 
ference components. 

In addition, the weight control circuit 113 controls 
the weighting amounts that the adaptive signal process- 35 
ing portions 1 07, 1 0S, and 1 09 designate in such a man- 
ner that a particular adaptive signal processing portion 
extracts a first incoming signal component (that does not 
have a delay) and other adaptive signal processing por- 
tions extract signal components that have delays. 

Thus, a combining unit 112 extracts a pure signal 
of which delayed signals and interference signals are 
removed from a received signal that consist of a first in- 
coming signal and delayed signals. 

However, assuming that the number of delayed sig- ^s 
nals that the adaptive antenna receives is L and the 
number of antenna elements thereof is N, the adaptive 
antenna requires (L x N) weighting units. The number 
of weighting units affects the number of calculations of 
the weighting amounts of the controlling circuit. Thus, so 
the circuit structure becomes complicated. 

The present invention is made from the above-de- 
scribed point of view. An object of the present invention 
is to provide an adaptive antenna tha t allows t jiftniimh'=^r 
of .weightinounits to be rerri axkabtv— deeroacod arid S5 
thej.e.bv_ the structure thereof to b e sinnplified, 

Another object of the present invention is to provide 
an adaptive antenna that allows the weighting process 
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to be quickly performed, the reby quickly adapting lo the 
fluctuation of the transmission environment of^lhe radio 
stgnaT 

A f u rther object of the present invention is to provide 
an adaptive antenna that can remarkably suppress an 
i njerference signal fm rrut^ing place. • 

The present invention is an adaptive antenna that 
comprises a plurality_ of antenna elements with diffe rent 
directivity , an e^timat inn . means for estimating states of 
receivedLs]gjDai5,Qnh ^ element s for ea ch oT^e- 

l av times that have been des ig nated, a sel ecting me^ s 
for se lecting a part of t ji^antenna elements f or each of 
the'^d ejay times corresponding to the estirr iated resiTlt. 
ajA^irjhting ^^^^^ f^U^aterminjn^^ is 
of t he part of said antenna e lements selected by said 
!=;p|prting mpanc: hy fpifay gnt weights, first co mbinina 
rhe^ns for multiplyin g ^^f^ rar^i\/g^^gna ls to w hich rel- 
ev ant weights have been determined for each ofthe^e- 
l avjime and summing the weighted sig naisT^mp e n- 
sating m eans for compensating the time lag, or time de- 
lay^^pf^ achof the received signals for"e ich"oTl7g"gelay 
ti mes, and second combi ning nneansjor^combining the 
comg eneatfid .qignalR fonih e delay times. 

According to an adaptive antenna of the present in- 
vention, a part of antenna elements is selected for each 
delay times corresponding to the estimated result of a 
received signal of each antenna element. The received 
signals of each selected antenna element is weighted. 
Thus, a pure signal of which a interference signal com- 
ponent is removed from a received signal in each of de- 
lay times is obtained. In addition, the total process 
amount for designating weights to received signals can 
be remarkably reduced in comparison with that of the 
related art reference.- 

These and other objects, features and advantages 
of the present invention will become more apparent in 
light of the following detailed description of a best mode 
embodiment thereof, as illustrated in the accompanying 
drawings. 

Fig. 1 is a schematic diagram showing the structure 
of an adaptive antenna according to a first embod- 
iment of the present invention; 
Fig. 2 is a schematic diagram showing the relation 
between signals that antenna elements receive and 
delay profiles thereof according to the adaptive an- 
tenna according to the first embodiment; 
Fig. 3 is a schematic diagram showing the structure 
of an adaptive signal processing portion of the 
adaptive antenna according to the first embodi- 
ment; 

Fig. 4 is a schematic diagram showing the structure 
of an adaptive antenna according to a second em- 
bodiment of the present invention; 
Figs. 5A. Fig. 5B, Fig. 5C, Fig. 5D. Fig. 5E. Fig. 5F. 
and Fig. 5G are graphs for explaining a method for 
estimating an interference signal of the adaptive an- 
tenna that has a means for estimating the interfer- 
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ence signal according to the present invention; 
Fig. 6 is a schennatic diagram for explaining an 
adaptive antenna according to a fourth embodiment 
oi the present invention; 

Fig. 7 is a schematic diagram showing the structure 
ol an antenna that form a plurality oi beams with 
different directivity; 

Fig. 8 is a schematic diagram showing the structure 
of another antenna that form a plurality of beams 
with different directivity ; and 
Fig. 9 is a schematic diagram showing the structure 
of a conventional adaptive antenna. 

Next, with reference to the accompanying draw- 
ings, an embodiment of the present invention will be de- 
scribed. 

Fig. 1 is a schematic diagram showing the structure 
of an adaptive antenna according to a first embodiment 
of the present invention. 

N antenna elements 1 ^ , 1 .... and 1 ^ that have re- 
spective directivity have respective beam directions. Al- 
ternatively, the adaptive antenna according to the 
present invention can be accomplished with omni-direc- 
tional antenna elements. 

The antenna elements 1^, I2. and 1^^ are con- 
nected to delay profile measuring units 2^, and 
2is], respectively. The delay profile measuring units 2^, 
and 2m generate delay profiles of the antenna el- 
ements 1^, I2. - and ^^ with a correlating process us- 
ing a known reference symbol placed in a transmission 
signal. 

The delay profile measuring units 2^, 22, and 2fg 
extract signal components for L different delay times 
from the received signals and supply the extracted sig- 
nal components for the L different delay times to anten- 
na selecting units 3.,, and 3^ corresponding to the 

delay times. The antenna selecting units 3^, 32. .... and 
3i_ select received signals of K (where K < N) antenna 
elements from the received signals of the N antenna el- 
ements 1 ^ , 1 2 1 N supply the selected signals to 

adaptive signal processing portions 4^, 43 and 4l. 

The adaptive signal processing portion 4^ process 
a signal component with no delay time (namely, a first 
incoming signal). The other adaptive signal processing 
portions 42, .... and 4i_ process signal components with 
respective delay times (delayed signals). The signals 
processed by the adaptive signal processing portions 
4^, 42 and 4^ are combined by a combining unit 6. 

Next, with reference to Fig. 2, the operation of the 
adaptive antenna according to the first embodiment will 
be described. 

It is assumed that the adaptive antenna is com- 
posed of eight (N = 8) antenna elements 1^ to 1g, The 
antenna elements 1 ^ to 1 3 are disposed at positions on 
a circle. The antenna elements 1 ^ to 1 3 ar© sector beam 
antennas that radiate with the maximum amount from 
the center thereof. Thus, the antenna elements 1 1 to 1 3 
with such directivity suppresses interference signal in- 



coming from first directions other than DOA of a desired 
signal, thereby preventing the first incoming signal from 
degrading. 

Fig. 2 is a schematic diagram showing the relation 

5 between signals that antenna elements 1 ^ to 1q receive 
and delay profiles thereof estimated by delay profile 
measuring units 2^, 22. and 2isj. In each delay profile, 
the horizontal axis represents delay time, whereas the 
vertical axis represents the power of the received signal. 

10 It is assumed that signals to be measured are a first in- 
coming signal, a one-symbol-delayed signal, and a two- 
symbol-delayed signal. 

Each of the antenna selecting units 3^, 32, .... 3^ 
(where L = 3) selects K (= 3) received signals with larger 

?5 powers for each of delay times (first incoming signal, 
one-symbol-delayed signal, and two-symbol-delayed 
signal). The K received signals for each of delay times 
are sent to the adaptive signal processing portions 4^, 
42 and 4^ corresponding to the respective delay 

20 limes. 

In other words, the antenna selecting unit 3^ selects 
the antenna elements I2. and ^Q with larger signal 
intensity of the received first incoming signal. The an- 
tenna selecting unit 32 selects the antenna elements 1 ^, 

25 1 2, and 1 3 with larner signal intensity of the one-symbol- 
delayed signal. The antenna selecting unit 3l selects the 
antenna elements I3, I4, and I5 with larger signal inten- 
sity of the two-symbol-delayed signal. 

Fig. 3 is a schematic diagram showing the structure 

30 of an adaptive signal processing portion. Referring to 
Fig. 3, each of the adaptive signal processing portions 
4-,, 42, .... and 4l comprises K weighting units 7, an add- 
ing unit 8, and a weight control circuit 9. 

The weighting units 7 designate weights to received 

35 signals of the relevant antenna selecting unit (3-,, 32, 
or 3l). The adding unit S combines the received signals 
that have been weighted by the weighting units 7 and 
supplies the resultant signal to the weight control circuit 
9 and the combining unit S. Each of the weighting unit 

40 7 designates a weight to a relevantly received signal by 
varying the amplitude and phase thereof. Each of the 
weighting units 7 can be accomplished by either a digital 
signal processing circuit or an analog signal processing 
circuit. For example, each weighting unit 7 can be ac- 

45 complished with a multiplying unit (mixer) that multiplies 
a received signal by a weight control signal or a variable 
attenuator/variable phase shifter that vary the ampli- 
tude/phase of a received signal. 

The weight control circuit 9 defines weights that the 

50 K weighting units 7 designate to respectively received 
signals . In other words, the weight control circuit 9 de- 
termines weights that the weighting units 7 designate to 
respectively received signals corresponding to the out- 
put signal of the adding unit 8 and a predetermined ref- 

55 erence signal in such a manner that a desired signal 
component of the relevant received signal becomes 
strong and interference signal components become 
weak. The desired signal depends on a circuit. In other 
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words, in a circuit that processes a first incoming signal, 
the desired signal is a first Incoming signal. In a circuit 
that processes a one-synnbol-delayed signal, the de- 
sired signal is a one-symbol-delayed signal. 

In other words, the weight control circuit 9 in the 
adaptive signal processing portion 4,, defines weights 
that the weighting units 7 designate to the respectively 
received signals in such a manner that the first incoming 
signal component of the received signal obtained 
through the antenna selecting unit 3-, becomes strong 
and the other signal components become weak. Like- 
wise, the weight control circuit 9 in the adaptive signal 
processing portion ^ determines weights that the 
weighting units 7 designates to the respectively re- 
ceived signals in such a manner that the one-symbol- 
delayed signal component of the received signal ob- 
tained through the antenna selecting unit 3^ becomes 
strong and the other components become weak. This 
operation applies to the weight control circuit 9 in the 
adaptive signal processing portion 43. 

The weight determining method is categorized as 
LMS (Least Mean Square) algorithm, CMA (Constant 
Modulus Algorithm), and so forth. 

The adaptive signal processing portions 4^, 43, 
and 4[_ shown in Fig. 3 control weights corresponding to 
the combined received. signal. Alternatively, the adap- 
tive signal processing portions 4^, 42,..., and 4l may 
control weights corresponding to K received signals ob- 
tained through the antenna selecting units. 

Thus, the adaptive signal processing portions 4^, 
42, and 4^ output signals of which the desired signal 
components of the first incoming signal, the one-sym- 
bol-delayed signal, and the two-symbol -delayed signal 
have become strong. 

Output signals of the adaptive signal processing 
portions 42 and 43 that process delayed signals are sent 
to the combining unit 6 through delaying circuits 62 and 
63, respectively. The delaying circuits and 63 com- 
pensate times of the one-symbol-delayed signal and the 
two-symbol-delayed signal based on the incoming time 
of the first incoming signal. The combining unit 6 com- 
bines the first incoming signal directly received from the 
adaptive signal processing portion 4^ and the delayed 
signals received through the delaying circuits 62 and 63. 
Examples of the combining method are coherent com- 
bining method and maximum-ratio combining method. 

Next, an adaptive antenna according to a second 
embodiment of the present invention will be described. 

Fig. 4 is a schematic diagram showing the structure 
of the adaptive antenna according to the second em- 
bodiment. 

Antenna elements 1 1 ^ , fig and 11 are connect- 
ed to L (where N > L) antenna selecting unit 13^, 132. 
and 13^. In addition, the antenna elements 11 1, II2, . .. 
and 1 1 ^ are connected to delay profile measuring units 
12^, 122, and 12|vi. The delay profile measuring units 

12-,, 122 ^rtd 12^1 measure respective delay profiles 

of the antenna elements 11 II2 and llf^ and sup- 



plies the measured delay profiles to a controlling portion 
10. 

The controlling portion 10 designates antenna se- 
lecting conditions of the antenna selecting units 13^, 

5 iSg, and 13l corresponding to the delay profiles of 
the antenna elements. In other words, the controlling 
portion 10 causes the antenna selecting unit 1 3^ to se- 
lect K antennas that receive the first incoming signal. In 
addition the controlling portion 10 causes the antenna 

10 selecting unit 132 select K antennas that receive the 
one-symbol-delayed signal. 

The received signals of K antenna elements select- 
ed by each of the antenna selecting units 13^, 132, ,.... 
and 13l are supplied to adaptive signal processing por- 

'5 tions 14^, 142, '^^L' respectively. Thus, as with 

the first embodiment shown in Fig. 1, signals of which 
the powers of desired signal components of the first in- 
coming signal and delayed signals have become strong 
can be obtained. 

20 Output signals of the two adaptive signal process- 
ing portions 142 ^^^3 supplied to a combining 
unit 16 through delaying circuits 162 and 163, respec- 
tively. The combining unit 1 6 combines the first incoming 
signal received from the adaptive signal processing por- 

25 tion 14^ and the delayed signals received from the de- 
laying circuits 1 62 and 1 63 and outputs the resultant sig- 
nal as one received signal. 

Next, the effects of the adaptive antenna according 
to each of the first and second embodiments will be de- 

30 scribed. 

The adaptive antenna according to the first and sec- 
ond embodiments combines a first incoming signal com- 
ponent and delayed signal components, thereby obtain- 
ing a received signal with a high signal-to-noise ratio. 

35 The adaptive antenna according to each of the first 
and second embodiments selects antenna elements 
with larger power, intensity, or signal-to-noise ratio and 
designates weights to signals received from the select- 
ed antenna elements. Thus, the number of weighting 

40 units 7 can be reduced in comparison with that of the 
conventional adaptive antenna. Consequently, the 
adaptive signal process can be effectively performed. In 
addition, a received signal with a high signal-to-noise 
ratio can be obtained. 

45 The adaptive antenna according to the present in- 
vention can be partly modified as follows. 

An antenna selector selects antenna elements 
whose measured delay profiles exceed a predeter- 
mined reference value. In other words, the difference 

50 between the above-described embodiments and this 
modification is in that the number of antenna elements 
is not constant. 

In this modification, since all effective signals are 
used, a resultant signal has a high signal-to-noise ratio. 

55 In the adaptive antenna according to the first em- 
bodiment shown in Fig. 1, since the delay time (= 0) of 
the output signal of the adaptive signal processing por- 
tion 4■^ is used as a reference, no delaying circuit is con- 
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nected to the adaptive signal processing portion 4^. In 
other words, delaying circuits may be connected to all 
adaptive signal processing portions. 

The present invention is based on sector beams 
with different beam directions regarding to the directivity 
of each antenna elements. However, when received sig- 
nals of a plurality of omni-directional elements are Fou- 
rier-transformed, orthogonal multi-beams are formed 
and thereby an adaptive signal process is performed for 
the resultant beams in the beam space. 

The present invention can be applied to an adaptive 
antenna with circuits that Fourier-transform received 
signals of antenna elements. Examples of the Fourier 
transform method are analog method using lenses or 
reflectors and FFT (Fast Fourier Transform) method of 
which digital signals converted from analog signals are 
Fourier-transformed. 

Received signals of the adaptive antenna according 
to the present invention can be analog signals or digital 
signals. When received signals are digital signals, out- 
put signals of antenna elements are converted into dig- 
ital signals by A/D converters. 

Next, an adaptive antenna according to a third em- 
bodiment of the present invention will be described. The 
adaptive antenna according to the third embodiment 
features in the selecting method of antenna elements. 

Each antenna selecting unit in the adaptive antenna 
selects K antenna elements with larger power, intensity, 
or signal-lo-noise ratio of a desired signal for each of 
delay times. In addition, each antenna selecting unit se- 
lects P (where 1 < P) antenna elements with larger pow- 
er, intensity, or signal-to-noise ratio of undesired signal. 
Generally, an adaptive antenna tends to form null to the 
OOA of undesired signal whose level is large and whose 
correlation with a desired signal is small. Thus, when 
such antenna elements are selected, undesired signals 
can be remarkably suppressed. 

Next, an adaptive antenna that has a means that 
estimates an interference signal will be described. This 
adaptive antenna selects K antenna elements with larg- 
er power, intensity, or signal-to-noise ratio of received 
signals as a desired signal for each of delay times. In 
addition, the adaptive antenna selects P (where 1 < P) 
antenna elements with larger power, intensity, or signal- 
to-noise ratio of interference signal signals. Generally, 
an adaptive antenna tends to designate null to the DOA 
of a non-desired signal whose level is large and whose 
correlation with a desired signal is small. Thus, when 
such antenna elements are selected, a signal of a non- 
desired signal can be remarkably suppressed. 

Next, a method tor estimating an interference signal 
will be described. 

Fig. 5A shows a delay profile r^iX) of a desired signal 
and a delayed signal of a particular antenna element. 
Fig. 5B shows a delay profile r,(t) of an interference sig- 
nal. Fig. 5C showsa delay profile of a received signal R 
(t) = rQ(t) + r|(t) -I- n(t) (where n(t) is a thermal noise com- 
ponent that is added when a signal is received. 



Fig. 5D shows a delay profile R'(t) estimated in the 
above-described correlating process. A replica R(t) (not 
shown) of a combined signal of a desired signal and a 
delayed signal can be obtained corresponding to the de- 

5 lay profile R'(l). 

As shown in Fig. 5E, a difference signal d(t) of the 
received signal R(t) and the replica R(t) is composed of 
an interference signal component, a delayed signal 
component, and a thermal noise component (that have 

10 not been time-decomposed). Thus, with the difference 
signal d(t) of each antenna element, the intensity of the 
interference signal can be approximately obtained. 

In addition. Fig. 5F shows a delay profile Ro(t) es- 
timated; which is composed of all delayed signals ex- 

75 cept for a desired signal at delay time (Iq), When the 
replica Ro(t) of a combined signal which is composed 
corresponding to the estimated delay profile R'o(t) is 
provided, as shown in Fig. 5F. the difference signal d^ 
(t) of the received signal R(t) and the replica Ro(t) is com- 

20 posed of a desired signal component at tQ, an interfer- 
ence signal component, a delayed signal component 
(that cannot be fully time-decomposed), and a thermal 
noise component. When the adaptive array process is 
performed with the difference signal dQ(t) instead of the 

2S received signal, the interference signal can be sufficient- 
ly suppressed. 

Antenna elements may receive delayed signal in 
the same direction as a desired signal or in a direction 
close thereto. In this casa, when the adaptive process 

30 is performed with do(t) shown in Fig. 5G , delayed signals 
and interference signals can be remarkably sup- 
pressed. 

The adaptive signal processing portion is often 
structured in such a manner that it successively per- 

3S forms a feed-back process so ac to converge the weight- 
ing amount of each of the antenna elements. Alterna- 
tively, a SMI (Sample Matrix Inverse) method that does 
not use the feed-back process can be applied. This 
method need very large amount of processing (e.g. cal- 

40 cutation of inverse matrix), but a stable output signal can 
be obtained without a dispersion of weighting amounts 
because there is no feed-back line. 

In addition, in the case that the distance between 
adjacent antenna elements is large, this adaptive can 

45 perform as a diversity that can suppress undesired sig- 
nals. 

In addition, when an error correction encoding/de- 
coding system is applied to the adaptive antenna ac- 
cording to the present invention, undesired signal that 

so the adaptive array receives in the same direction as a 
desired signal or in a direction close thereto can be ef- 
fectively suppressed. Alternatively, the same effect can 
be obtained with a coding modulation system. 

In the TDD (Time Division Duplex) system, since the 

55 same frequency is used for a transmission channel and 
a reception channel, when the time interval between a 
signal transmission and a signal reception is very short, 
a transmission signal and a reception signal pass 
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through the same propagation path. Thus, with a delay 
profile estimated for a signal reception, when one or 
more transmission antenna elements are selected, an 
optimum receiving environment can be obtained on the 
receiver side. When a propagation path condition does 
not almost vary after a signal Is received until next signal 
is transmitted, the antenna elements and weights that 
have been selected and designated for a signal recep- 
tion can be used for next signal transmission. Thus, cal- 
culations of weights for a signal transmission can be 
omitted. 

In addition, the adaptive antenna according to the 
present invention can be applied to a receiver of a CD- 
MA (Code Division Multiple Access) system. In this 
case, the path diversity of the CDMA type RAKE receiv- 
er and the delay profile estimating technology with a 
high time-resolution can be directly used. Thus, the 
channel capacity of the CDMA system in multi-interfer- 
ence environment can be increased. 

In addition, with SOMA (Space Division Multiple Ac- 
cess) system or PDMA (Path Division Multiple Access) 
that assigns difference channels to signals that are re- 
ceived from different directions in the same cell, the 
adaptive antenna according to the present invention can 
effectively control the directivity. In a cell of TDMA (Time 
Division Multiple Access) system such as cellular sys- 
tem, since signals on the same spatial channel can be 
separately received, a large allowable interference 
amount of the system can be designated. Thus, since 
the repetitive number of cells with the same channel can 
be decreased, the system capacity can be increased. 

Next, with reference to Fig. 6, an adaptive antenna 
according to a fourth embodiment of the present inven- 
tion will be described. 

Next, an adaptive antenna according to a fourth em- 
bodiment of the present invention will be described. 

As shown in Fig. 6, each of elements 1 ^ to 1 4 of the 
adaptive antenna according to the fourth embodiment 
can generate three beams P^^, P^g, P43 with different 
directivity. It is assumed that a first incoming signal, a 
one-symbol-delayed signal, and a two-symbol -delayed 
signal are received as shown in Fig. 6. In addition, it is 
assumed that delay profile estimating units (not shown) 
of the antenna elements estimate powers of received 
signals. 

In the adaptive antenna according to the fourth em- 
bodiment, K (< 4) antenna elements with larger power, 
intensity, or signal-to-noise ratio of a received signal of 
each of the first incoming signal, one-symbol-delayed 
signal, and two-symbol-delayed signal are selected 
from antenna elements that generate one of Pj^ , P-^, and 
Pi3 (where i = 1, 2. 3. and 4) beams. Thereafter, the 
adaptive signal process that will be described later is 
performed with the selected antenna elements. 

In the adaptive antenna according to the present in- 
vention, the current beams of the individual antenna el- 
ements are switched until the next reception time in the 
following manner. 



For example, the beams of the individual antenna 
elements are selected in the ascending order (namely, 
beams P^^ ., P21, P31, and P4^) are selected. Aftersignals 
are received, delay profiles of the individual antenna el- 
5 ements are estimated. At t=0, it is clear that since the 
powers of the first incoming signal of the beams P^, and 
P21 are remarkably large, the first incoming signal is re- 
ceived from the forward direction of the antenna element 
1t or from the direction between the antenna elements 

10 1^ and ^2^ Thus, at the next reception time, the current 
beams of the individual antenna elements are switched 
to beams close to the predicted directions from which 
the first incoming signal is received. In other words, at 
the next reception time, the beams P^^, Pg^, P^^, and 

?5 P41 are switched to the beams P^2* ^2A' ^av ^rid P42. 
In this state, the signals are received and delay profiles 
are estimated. After the DOA of the first incoming signal 
has been estimated, when necessary, the beams of the 
individual antenna elements are further switched. When 

20 the DOA of the first incoming signal does not vary time 
by time, the antenna elements finally generate beams 
Pi2. P31. snd P43. 

By sequentially performing the above-described 
operation, even if the DOA of the first incoming signal 

25 varies time by time, the current beams can be switched 
to those of which the first incoming signal is strongly re- 
ceived. With the strong beams, the adaptive signal proc- 
ess can be performed. 

Thus, the individual antenna elements generate 

30 beams with different directivity. The receiving states of 
the individual signals are estimated. In addition, a re- 
ceived signal is selected for the adaptive signal process. 
Consequently, the distortion of the received signal due 
to interference can be further effectively suppressed. 

35 In the above-described embodiment, in antenna el- 
ements with larger powers of the first incoming signal, 
at the next reception time, beams are successively 
switched. Alternatively, delay profiles at the last recep- 
tion time are compared. The DOA of a signal with the 

40 largest power of the first incoming signal, one-symbol- 
delay signal, and two-symbol-delay signal is estimated. 
Corresponding to the estimated DOA, beams of the in- 
dividual antenna elements may be switched. 

Next, the structure of an antenna that generates a 

45 plurality of beams with different directivity wilt be de- 
scribed. 

Fig. 7 shows the structure of a switching scanning 
type antenna with a butler beamforming matrix. This an- 
tenna comprises four antenna elements 201 , four hybrid 

50 circuits 202, and two 45° phase shifters. By switching 
signals applied to feeder terminals 204 of two hybrid cir- 
cuits 202. the radiating direction of a beam is changed. 
This method is available when the number of antenna 
elements is a power of 2. 

55 Fig. 8 shows the structure of a phase scanning type 
antenna. In this antenna, the excitation phase of each 
antenna element 301 is controlled by a phase shifter 
304. Thus, a plurality of beams with different directivity 
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are generated. In this antenna, a scanning operation 
can be performed with high flexibility under the control 
o1 the phase shifting unit 304. 

Alternatively, a reflector antenna or an antenna that 
mechanically changes a beam may be used. 

Although the present invention has been shown and 
described with respect to a best mode embodiment 
thereof, it should be understood by those skilled in the 
art that the foregoing and various other changes, omis- 
sions, and additions in the form and detail thereof may 
be made therein without departing from the spirit and 
scope of the present invention. 

Claims 

1. An adaptive antenna, comprising: 

a plurality of antenna elements with different di- 
rectivity; 

estimating means for estimating states of re- 
ceived signals of said antenna elements for 
each of delay times that have been designated; 
selecting means for selecting a part of said an- 
tenna elements for each of the delay times cor- 
responding to the estimated result; 
weighting means for determining the received 
signals of the part of said antenna elements se- 
lected by said selecting means by relevant 
weights; 

first combining means for multiplying the re- 
ceived signals to which relevant weights have 
been determined for each of the delay time and 
summing the weighted signals; 
compensating means for compensating the 
time lag. or time delay of each of the received 
signals for each of the delay times; and 
second combining means for combining the 
compensated signals for the delay times. 

2. The adaptive antenna as set forth in claim 1 , 

wherein said estimating means estimates the 
power, intensity, or signal-to-noise ratio of the re- 
ceived desired signals of said antenna elements for 
each of the delay times. 

3. The adaptive antenna as set forth in claim 2, 

wherein said selecting means selects some 
antenna elements with larger power, intensity, or 
signal-to-noise ratio of the received desired signal 
for each of the delay times corresponding to the es- 
timated result. 

4. The adaptive antenna as set forth in claim 2, 

wherein said selecting means selects at least 
one first antenna element and at least one second 
antenna element corresponding to the estimated 
result, the first antenna elements having larger pow- 



er, intensity, or signal-to-noise ratio of the received 
desired signals for a each of the delay time, the sec- 
ond antenna elements having larger power, inten- 
sity, or signal-to-noise ratio of the received unde- 
5 sired delayed signals for each ol the delay limes. 

5. The adaptive antenna as set forth in claim 2, 

wherein said selecting means selects at least 
one first antenna element and at least one second 
10 antenna element corresponding to the estimated 

result, the first antenna elements having larger pow- 
er, intensity, or signal-to-noise ratio of the received 
desired signals for a each of the delay time, the sec- 
ond antenna elements having larger power, inten- 
ds sity, or signal-to-noise ratio of the received interfer- 
ence signals for each of the delay times. 

6. The adaptive antenna as set forth in claim 5, 

20 wherein said second selecting means has: 

means for generating replicas of signals that 
said antenna elements receive for each of the 
delay times corresponding to the estimated re- 
sult and estimating interference signal signals 

25 that said antenna elements receive corre- 

sponding to the generated replicas and the re- 
ceived signals of said antenna elements; and 
means for selecting the second antenna ele- 
ment corresponding to the estimated rssuW of 

30 the interference signal signals. 

7. An adaptive antenna, comprising: 

a plurality of antenna elements for generating 
'35 respective beams with different directivity; 

estimating means for estimating states of re- 
ceived signals of beams of said antenna ele- 
ments for each of delay times that have been 
designated; 

40 selecting means for selecting one beam of a 

part of said antenna elements corresponding to 
the estimated result; 

weighting means tor determining the received 
signals of the beams of the part of said antenna 
45 elements selected by said selecting means by 

relevant weights; 

first combining means for multiplying the re- 
ceived signals to which relevant weights have 
been determined for each of the delay time and 

so summing the weighted signals; 

compensating means for compensating the 
time lag, or time delay of each of the received 
signals for each of the delay times; and 
second combining means for combining the 

55 compensated signals for the delay times. 

B. The adaptive antenna as set forth in claim 7. 

wherein said estimating means estimates the 
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power, intensity, or signa!-to-noise ratio of the re- 
ceived signals of beams of said antenna elements 
for each of the delay times. 
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